An auditory " oddball" paradigm was used to elicit the P300 component or the event-related brain potential (ERP) from a large sample of young (5 to 15 years) and older (20 to 86 years) persons. Distinct Pla and P3b subcomponents or the P300 were observed within individuals and across trial blocks. Age affected P300 latency in a similar fashion for both subcomponents with latency increasing about 65 msec between 20 and 70 years. P300 latency variability also was found to increase somewhat with advanced age. These results confinned previous age-related ERP changes and extended them to the P3a and P3b subcomponents.
T HE P300 component of the auditory event-related brain potential (ERP) is a large (5 to 15 µ, V), positive-going waveform that occurs with a modal latency of about 300 ms in normal young adults. Although the neurophysiology underlying the P300 is still being explored (Halgren et al. , 1980; Okada et al., 1983) , the cognitive events associated with its generation have received considerable attention (Donchin, 1981; Pritchard, 1981) . Because the P300 component is thought to reflect the cognitive events of stimulus classification, its latency has been used to evaluate mental function in normal aging (Brown et al ., 1983; Ford et al. , 1982; Goodin et al. , 1978; Pfefferbaum et al. , I 984a; Picton et al., 1984; Smith et al. , 1980; Syndulko et al. , 1982) and in patients with neurological and psychiatric disorders (Brown et al. , 1982; Goodin et al., 1978; Hansch et al. , 1982; Pfefferbaum et al. , l 984b; Squires et al., 1980) . Thus, P300 latency is becoming an important and tThe au1hors wish to thank Beverly Hendcrsoo le< help in collcc<ing ponions of these data one! Cary Canu or 1he Nicoler lnS1rumen1 Coml"'ny fa< providing 1ht "l"ipment. This research was suppontd by Nation widespread clinical tool for the assessment of human cognition because suspected impairment can be compared with nonnative latency values to quantify objectively the amount of dysfunction. A typical procedure used in these investigations involves the presentation of two different signals, one less frequently than the other. The subject keeps a mental count or presses a button to the infrequent event to provide a behavioral index of stimulus discrimination. This ''oddball'' paradigm reliably produces the P300 component and often has been used to study factors that affect its amplitude (Duncan-Johnson & Donchin, 1977) . The latency of the P300 has also been examined in a variety of complex task situations usually involving visual stimuli (McCarthy & Donchin, 1981 ; Polich et al., 1983b) . Relatively few studies have been performed using a simple auditory stimulus paradigm in which variations in waveform morphology (e.g., the P3a and P3b subcomponents, Snyder & Hillyard, 1976; Squires et al ., 1975) and normative latency data have been reported (Ford et al. , 1982; Polich et al. , 1983a) . Because subject age is a major factor affecting the latency of many sensory evoked potentials (Polich & Starr, 1984) , the effects of maturation and age on P300 latency have been investigated with the general finding of increasing latency as the ad ult ages (Brown et al., 1983; Goodin et al., 1978; Pfefferbaum et al., 721 POLICH. HOWARD AND STARR 1984a) . It is not clear, however, from the published reports how wavefonn morphology (viz., observation of multiple peaks for the P300) varied across subjects or how reliable a single measure of peak latency might be with respect to detennining the nonnative aging effects on P300 latency. Given the possible psychological distinctions between the P3a as reflecting an initital orienting response and the P3b as indicating a stimulus-based categorization process (Donchin, 1981; Squires et al., 1975) , these two subcomponents may be affected differentially by age. Thus the present stud y was undertaken to determine the relationship between age, P3a and P3b latency, and measurement reliability for a large nonnative sample of young and adult humans.
M ETHODS
Participants. -A total of 104 volunteers who ranged in age from 5 to 86 years were obtained from the university community. Approximately equal numbers of each sex within the age decade · were assessed. The mean ages and number of each age group are presented in the top portion of Table   I (persons over the age of 70 were grouped together). All participants were attending school, employed , or leading an active retirement at the time of testing.
Stimuli and procedure. -ERPs were elicited by presenting participants with a series of binaural tones at 60 dB SPL and with a 9.9 ms rise/fall and 50 ms plateau time. The tones were presented in a random sequence with a 2,000 Hz tone (target) occurring 20% of the time and the 1,000 Hz tone (standard) occurring 80% of the time at a rate of I . I per second. Participants were instructed to keep a silent count of the number of high tones. Stimuli were presented until a total of 200 artifact-free trials were recorded. Then a second block of 200 trials was obtained to insure replication of morphological structure and to faci litate component identification.
Recording conditions. -Electroencephalographic activity (EEG) was recorded from the vertex (Cz electrode site in the I 0 to 20 system) and referred to linked mastoids with a forehead ground . The filter bandpass was I to 30 Hz (3 dB down, 12 dB/octave slope) . Although not optimal, the relative latency of the P300 generally will be unaffected with this bandpass range, even though its amplitude will be reduced compared with longer time constants (cf. Duncan-Johnson & Donchin, 1979; Polich et al., I 983a). T he EEG was digitized at 3 ms/point for 768 ms and averaged on line by a Nicolet CA-I 000 that also controlled the stimulus presentation and automatic artifact rejection of the averaged channel. Trials on which the EEG exceeded ± 45 µ, V were rejected automatically and not included in the averaged waveform . Hence, only trials uncontaminated by eye blinks, eye movements, and muscle contractions that usually produce much larger voltage fluctuations (typically greater than 100 µ,V) were recorded. The separate averages for the rare and frequent stimulus tones were plotted and the latencies of the components were defined at their peak or trough. Quantitative assessment of component amplitudes were not obtained, although the relative peak sizes were noted.
REsULTS
Count performance was perfect or missing the correct count by one or two for over 95% of the participants. Several of the younger children made a few more errors. Examples of representative waveforms from four participants obtained for the rare (target) and frequent (standard) stimuli are presented in Figure l . These potentials agree in morphology and latency range with previously reported components employing an auditory count task. In most individuals the P300 component displayed two distinct subcomponents. Although only one electrode site could be recorded because of equipment limitations, the latency characteristics of these subcomponents displayed a pattern typical of previous reports. Thus , the earlier one was labelle~ P3a and the latter P3b, with the latency ranges 220 to 350 ms and 280 to 500 ms, respectively , used to define their peaks (Snyder & Hillyard, 1976; Squires et al., 1975) . Because a complete scalp distribution could not be obtained and because of the wide variation in peak latencies of the P3a and P3b subcomponents across participants, the following procedures also were adopted: (a) only participants who had a clear bifurcated positive peak after the N200 component in both the first and second trial blocks were counted as producing a consistent P3a and P3b (see Figure l) ; (b) the first peak was taken as the P3a and the second as the P3b if each peak latency fell within the critical ranges; (c) if only a single peak was observed on only one or both of the trials (i.e., each subcomponent was not obtained in both trial blocks), the largest positivity within the P3b latency window was labelled a P3b and no P3a was counted; (d) the mean latency for each subcomponent taken over both trial blocks then was computed as that person 's P3a and P3b latency. This identification system promoted consistent and reliable measurement of the two subcomponents because individual latencies were systematically assessed across both trial blocks.
As is shown in Figure l , participants produced clearly defined P300 components that replicated well from trial to trial. An identifiable P3a subcomponent was produced on both trial blocks by 82% of the participants. The mean latency from the two trial blocks for each subcomponent is plotted as a function of age in Figure 2 . The mean latencies and standard deviations for the subcomponents are presented in Table 1 . In addition to the subcomponent Not~. The sample sizes for P3b and P3MAX rcftect the roraJ number tested.
measurements, a P3MAX latency also was defined as a mean latency of the larger amplitude subcomponent obtained from each trial block for each person. This was derived from both later peaks in 52% of the participants (e.g., Figure I , Subjects I and 4), from both early peaks in 35% of the participants (Subject 2), and from the mean of the early and later peak in 13% of the participants (Subject 3). The P3MAX latency measurement was developed in order to provide a means of comparison between the present and previous aging studies where the P3a and P3b subcomponents were not reported. The mean latency obtained from the P3MAX procedure is plotted as a function of age in Figure 3 . The regression equations for each subcomponent and the P3MAX measurement were computed separately for participants within the ages 0 to 15 years and participants within the ages 16 to 90 years in order to compare the prese nt results with previous data (Brown et al., 1983; Goodin et al., 1978) . The resulting equations along with the correlation coefficients for each measurement are presented in Table 2. The regression lines for each measurement are plotted in the appropriate figure with the standard deviations for P3MAX latency also plotted at the mean age for the decade group.
The subcomponents of the P300 varied systematically with age in a similar, although not identical, fashion. The P3a demonstrated somewhat less variability and a smaller rate of latency increase over age than did the P3b for both the younger and adult participants (see Table I and Figure 2 ), although in neither group were the two slopes significantly different, t(48) = 0.34, p > .05, and t(l40) = 0.52, p > .05, for younger and adult groups, respectively. In general, the variability associated with each measure decreases with maturation and increases with age, although these effects were not pronounced. The P3MAX latency measurement technique yielded results highly similar (1.4 ms per year increase for adults) to previous aging reports using a large sample of adults. The P3MAX mean latency for the adults was 313 ms, which is a prototypical value for the adult auditory P300 ERP component compared with 274 ms and 340 ms for the P3a and P3b. In order to evaluate the P3MAX measurement procedure, a summary of the present and previous P300 latency results from adult aging studies using a similar auditory paradigm is presented in Table 3 . T he P300 measurement techniques of previous studies typically used a latency window to specify a range in which the maximum positive voltage occurred . This point defined the P300 peak and therefore its latency. Multiple positive peaks have been ignored and either the single most positive value or an interpolated point picked by hand have been used (e.g., Brown et al. , .SI 1.4 Picton et al. ( 1984) 72
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Note. All studies used a two-tone auditory discrimination (oddball) count task; subject ages ranged from 18 10 90 years. Stimuli wen: typically 1,000 Hz and 2,000 Hz tones presented at 6010 90 dB SPL with 10 10 20% iacgct tone probabilities . See text for a discussion of the various peak detection and latency measurement procedures.
1983; Goodin et al., 1978) . With the replicated trial technique of the present study and consistent observation of multiple P300 subcompone nts, the P3MAX approach to peak latency measurement appears to result in accurate individual latency measures and yields results quite similar to the other measurement strategies.
The latency variability remains stable up to 50 years of age; then it appears to increase somewhat with advanced age. Although the sample size of the present study was relatively large, an accurate assessment of just how this variability might change for very elderly adults remains to be determined. It is noteworthy , however, that P300 latency as defined by the P3a and P3b subcomponents and by the P3MAX technique tends to become slightly more variable for older (over 50 years) adults.
DISCUSSION
The increase in P300 latency with age for the adults and the decrease in latency for children with continued development corroborates the effects obtained previously with a similar paradigm (Goodin et al., 1978) . The rate of increase in latency as defined by the P3b subcomponent ( 1.3 ms per year) and P3MAX technique agrees quite well with previous studies (Bro wn et al., 1983; Picton et al . , 1984; Pfefferbaum et al. , 1984; Syndulko et al ., 1982) but is somewhat less than initial measurements (Goodin et al., 1978) -most likely resulting from differences in task difficulty (see . The present study also revealed that subcomponents of the P300 demonstrate statistically similar increases in latency with age, although the slope of the earlier P3a does not appear to rise as sharply as the later P3b. This similarity suggests that if different processes are responsible for generating the P3a and P3b, age affects them in a similar fashion. Slightl y more variability was observed for the various P300 subcomponem latency measures as adult age increased. With advanced age this variability was enhanced somewhat, perhaps reflecting the wide variation often observed in cognitive function of elderly adults.
The extent of P300 latency variability is an important consideration when this ERP component is applied for the evaluation of cognitive function. Previous aging studies using auditory stimuli (Brown et al., 1983; Goodin et al., 1978; Pfefferbaum et al. , 1984a; Picton et al., 1984) have indicated that the standard deviation of P300 latency is on the order of 20 to 40 ms. Because a clinical definition of abnormality often is based on deviation from a mean population value by two to three standard deviations, an understanding of P300 variance is imponant for determining the limits of normal variation. Factors such as participant age, repeated testing, task difficulty (Goodin et al., 1983) and memory capacity (Polich et al., I 983a ) may all · play a role in determining an individual's P300 latency.
In general , the difficulties surrounding component identification arising from individual differences in waveform morphology and latency variability are present across a wide range of participant ages and variations in stimulus parameters. Although it is premature to advocate a single measurement technique, the present results suggest several guidelines for establishing normative P300 latency data. First, waveform replication over several trials will assure that ERP responses are obtained rather than artifactual ones. This methodology has not been implemented in most experimental studies even though it is a common procedure in clinical settings. Second, a consistent rule for measuring the peak latency of the P300 should be established. Although many participants demonstrate P3a and P3b subcomponents, not everyone shows this pattern or produces a reliable bifurcation of the major positive peak. Thus, measurement of the P300 may become problematic, especially for the increased morphological and latency variability found with aged and clinical populations.
Several alternatives are possible: (a) Measurement of the most positive-going portion of the waveform within a pre-established latency window yields latency measures for a single peak (e.g., Pfefferbaum et al. , l 984a; Picton et al., 1984; Polich et al., I 983b) ; (b) extrapolation of the initial rise in positivity and the final negative shift to determine an estimate of the projected compo nent peak has been used to circumvent the multiple-peak issue altogether (e.g., Brown et al . , 1983; Goodin et . 726 POLICH , HOWARD AND STARR al., 1978; Squires et al., 1980) ; (c) establishment of separate normative values for the early (P3a) and later (P3b) P300 subcomponents, as in the present study, will provide specific peak identification data because each subcomponent may be reflecting different cognitive events (cf. Polich et al., l 983a; Squires et al., 1975) ; (d) use of multiple measurement replications and taking an average of the maximum voltage peak (i.e., a P3MAX approach) also appears to provide consistent and reliable individual latency data. Each of these procedures attempts to define individual P300 latency in a slightly different way because no single procedure has been established. As suggested by the summary presented in Table 3 , however, if large sample sizes are employed with similar stimulus parameters, the various peak measurement procedures tend to yield similar results.
